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(54) Tuned switch-mode power supply with current mode control 



(57) In a tuned switch mode power supply a zero 
voltage is maintained across a transistor switch (Q3); 
during both turn off and turn on switching transition 
intervals in the transistor switch. The tuned switch mode 
power supply operates in a current-mode control, on a 
current pulse-by-current pulse control basis. A modula- 
tor (31) of the power supply includes a pair of transistors 
(Q1 , Q2) that form' a regenerative switch to produce a 
portion of a control signal (VG) of the transistor switch 
that causes the transistor switch to turn off. A trans- 
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former-coupled input supply voltage (V1) maintains the 
transistor switch conductive as long as the current in the 
transistor switch does not exceed the threshold level of 
a regenerative switch. A resonant pulse (VD) is trans- 
former-coupled from the resonant circuit to the regener- 
ative switch for turning off the regenerative switch and 
for maintaining the transistor switch non conductive 
after the regenerative switch is turned off. 
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Description 



The invention relates to a switch mode power sup- 
ply- 

A typical tuned switch-mode power supply (SMPS) 
includes a series arrangement of an inductance and a 
bi-directional controllable switch connected to input sup- 
ply voltage terminals for receiving an input supply volt- 
age. The switch is formed by a parallel arrangement of 
a transistor and a damper diode. A tuning capacitor is 
coupled to the inductance to form a resonant circuit. A 
drive or control circuit provides switching pulses for driv- 
ing the switch alternately into the conducting and the 
cut-off states, the duration of the conducting state of the 
switch being controllable in dependence upon the out- 
put voltage by rectification of oscillations produced dur- 
ing periods when the switch is cut-off. 

In such tuned SMPS, a substantially sinusoidal 
oscillation of a resonant pulse voltage of a large ampli- 
tude is developed in the inductance. The frequency of 
the oscillation is determined by the resonance fre- 
quency of the resonant circuit. After completion of a half 
cycle of oscillation the diode conducts and terminates 
the half cycle oscillation. The transistor is turned on 
when the diode is already conductive. Therefore, a zero 
voltage is maintained across the transistor, during the 
transition interval in the transistor. Thus, switching 
losses are reduced. In addition, the resonant circuit pre- 
vents the voltage that is developed across the transistor 
when the transistor is turned off from becoming exces- 
sive. 

A modulator in a regulation control circuit of some 
prior art tuned SMPS's is responsive to an error signal 
produced in an error amplifier for varying a length of an 
interval when the bi-directional switch is conductive. 
The peak of the current in the inductance is thereby 
controlled. In this way, the amplitude of the resonant 
pulse voltage that is developed when the bi-directional 
switch is turned off is controlled for providing output volt- 
age regulation. 

Disadvantageous^, in some prior art tuned 
SMPS's, variation of the input supply voltage is com- 
pensated in a relatively slow manner. The slow 
response time of the control circuit of such SMPS is 
determined mainly by the transient response of the 
feedback control loop. It may be desirable to speed up 
the response time of the tuned SMPS. 

A tuned SMPS, embodying an inventive feature, 
operates in a current-mode control, on a current-pulse 
by current-pulse control basis. The current flowing in a 
switch terminates when it reaches a threshold level 
established by an error signal. The error signal actually 
controls the peak current in an inductance that is cou- 
pled to the switch. In this way, the control circuit corrects 
instantaneously in a feed forward manner for input volt- 
age variations without using the dynamic range of the 
error amplifier. In this way, both the advantages of cur- 
rent mode regulation and of tuned SMPS are obtained. 

A tuned switch mode power supply apparatus, 



embodying an aspect of the invention, includes a 
source of an input supply voltage and a tuned, resonant 
circuit. The resonant circuit includes a capacitance and 
an inductance coupled to the source of the input supply 

5 voltage. A first transistor switch is coupled to the induct- 
ance and is responsive to a periodic, switch control sig- 
nal for generating current pulses in the inductance to 
produce resonant pulses in the resonant circuit The 
resonant pulses are coupled to a load circuit for gener- 
ic ating an output of the power supply. When the first tran- 
sistor switch is being turned on, a substantially zero 
voltage is maintained between a pair of main current 
conducting terminals of the first transistor switch. A 
source of a second signal is used for controlling the out- 

15 put of the power supply in accordance with the second 
signal. A modulator is responsive to a given current 
pulse and to the second signal for generating the switch 
control signal. The power supply output is current mode 
controlled, in accordance with the second signal, on a 

20 current-pulse by current-pulse control basis. 

In accordance with an inventive feature, the modu- 
lator includes a pair of transistors that form a regenera- 
tive switch to produce a portion of the control signal of 
the transistor switch that causes the transistor switch to 

25 turn off. The regenerative switch forms a latch that is 
triggered by a signal representative of the current pulse 
in the transistor switch. Advantageously, the transition of 
the control signal is speeded up by the positive feed- 
back in the latch. 

30 In accordance with another inventive feature, an 
error signal that is indicative of a difference between the 
output voltage of the power supply and a reference level 
is coupled to one of the pair of transistors to establish 
the triggering threshold level of the latch. In this way, 

35 advantageously, the one transistor of the pair also oper- 
ates as a comparator 

In accordance with a further inventive feature, the 
inductance forms a first winding of a transformer for 
transformer-coupling the input supply voltage to a con- 

40 trol terminal of the transistor switch when the transistor 
switch is conductive in a positive feedback manner. The 
transformer-coupled input supply voltage maintains the 
transistor switch conductive as long as the current in the 
transistor switch does not exceed the threshold level of 

45 the regenerative switch. The resonant pulse is trans- 
former-coupled to the latch for turning off the regenera- 
tive switch. The resonant pulse is also transformer- 
coupled to the control terminal of the transistor switch in 
a positive feedback manner, and bypasses the regener- 

50 ative switch, for maintaining the transistor switch non 
conductive after the regenerative switch is turned off. 

FIGURE 1 illustrates a tuned SMPS embodying an 
aspect of the invention; and 
55 FIGURES 2a, 2b and 2c illustrate wave forms use- 
ful for the explanation of the tuned SMPS of FIG- 
URE 1. 

FIGURE 1 illustrates a tuned SMPS 100. embodying an 
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aspect of the invention. In FIGURE 1, an N-type, metal 
oxide semiconductor (MOS) power transistor Tr operat- 
ing as a transistor switch has a drain electrode coupled 
through a primary winding L1 of a transformer T1 to a 
terminal 20 of an input supply, direct current (DC) volt- 5 
age B+. In a circuit configuration, not shown, the trans- 
former can serve as an isolation transformer. Voltage 
B+ is derived from, for example, a filter capacitor cou- 
pled to a bridge rectifier that rectifies a mains supply 
voltage, not shown. 10 

A source electrode of transistor Tr is coupled via a 
current sensor or sampling resistor R12. A damper 
diode D6 operating as a switch is coupled in parallel 
with transistor Tr and is included in the same package 
with transistor Tr to form a bi-directional switch 22. is 
Capacitor C6 is coupled in parallel with diode D6 and in 
series with winding Lt to form with an inductance of 
winding L1 a resonant circuit 21 when switch 22 is non 
conductive. 

A secondary winding 12 of transformer T1 is cou- 20 
pled to an anode of a peak rectifying diode D8 and to 
ground for generating an output voltage VOUT in a filter 
capacitor C1 0 that is coupled to a cathode of diode D& 
Voltage VOUT is coupled to a load circuit, not shown. 
An error amplifier 23 includes a comparator transistor 25 
Q4 having a base electrode that is coupled to a voltage 
divider of voltage VOUT formed by resistors R15 and 
R17 where a voltage VSENSE is developed. Voltage 
VSENSE is equal to a corresponding portion of voltage 
VOUT and, thus, proportional to voltage VOUT 30 

An emitter electrode of transistor Q4 is coupled via 
a gain determining resistor R16 to a Zener diode D9 
that develops a reference voltage VREF of error ampli- 
fier 23. Diode D9 is energized via series coupled resis- 
tors R1 3 and R14 from voltage VOUT A photo-coupler 35 
IC1 includes a light emitting diode that is coupled 
between the collector of transistor Q4 and a junction ter- 
minal between resistors R13 and R14. An emitter elec- 
trode of the transistor of photo-coupler IC1 is coupled to 
a negative DC voltage V3 via a resistor R4. A collector 40 
electrode of the transistor of photo-coupler IC1 is cou- 
pled to capacitor C3. in a circuit configuration not shown 
the opto-coupler can serve for isolation. An error collec- 
tor current le of the opto-coupler IC1 is indicative of an 
amount by which voltage VSENSE is greater than refer- 45 
ence voltage VREF and, thus, of the difference there 
between. 

A comparator transistor Q2 has a base electrode 
that is coupled via a resistor R1 1 to a junction terminal 
between the source electrode of transistor Tr and cur- so 
rent sensor resistor R12. Transistor Q2 compares a 
base voltage VBQ2 of transistor 02 to an error voltage 
VEQ2 developed at the emitter of transistor Q2. Voltage 
VBQ2 includes a first portion that is proportional to a 
source-drain current ID in transistor Tr. A DC voltage V2 ss 
is coupled via a resistor R6 to the base of transistor Q2 
to develop a second portion of voltage VBQ2 across 
resistor R11. 

DC voltage V2 is also coupled via a resistor R5 to a 



feedback loop filter formed by capacitor C3 to form a 
current source that charges capacitor C2. Error current 
le is coupled to capacitor C3 for discharging capacitor 
C3. A diode D5 is coupled between the emitter of tran- 
sistor Q2 and ground. Diode D5 limits voltage VEQ2 to 
diode D5 forward voltage and limits the maximum cur- 
rent in transistor Tr. 

The collector electrode of transistor Q2 is coupled 
to the base electrode of a transistor Qt and the collector 
electrode of transistor Q1 is coupled to the base elec- 
trode of a transistor Q2 to form a regenerative switch 31 . 
A control voltage VG of transistor Tr is developed at the 
emitter of transistor Q1 that forms an output terminal of 
regenerative switch 31 and is coupled to the gate elec- 
trode of transistor Tr via a resistor R10. 

A secondary winding L3 of transformer T1 is cou- 
pled via a resistor R9 for producing an alternating cur- 
rent (AC) voltage V1. Voltage V1 is AC-coupled via a 
capacitor C4 and a resistor R8 to the emitter of transis- 
tor Q1 to generate drive voltage VG of transistor Tr. AC- 
coupled voltage V1 is coupled via a collector resistor R7 
to the collector electrode of transistor Q2 and to the 
base electrode of transistor Q1. Voltage V1 is also recti- 
fied by a diode D2 to generate voltage V3 and by a 
diode D3 to generate voltage V2. 

A resistor R3 coupled between the source of volt- 
age B+ and a terminal 30 of capacitor C4 that is remote 
from winding L3 charges capacitor C4 upon power on or 
start up. When voltage VG on the gate electrode of tran- 
sistor Tr exceeds a threshold voltage of MOS transistor 
Tr, Transistor Tr conducts causing a drain voltage VD of 
transistor Tr to decrease. As a result, voltage V1 
becomes positive and reinforce voltage VG for maintain- 
ing transistor Tr, in a positive feedback manner, fully 
turned on. 

FIGURES 2aj2c illustrate wave forms useful for 
explaining the operation of tuned SMPS 100 of FIGURE 
1 . Similar symbols and numerals in FIGURES 1 and 2a- 
2c indicate similar items or functions. 

During an interval tO-tl of a given period T of FIG- 
URE 2c, current ID of conductive transistor Tr of FIG- 
URE 1 is up-ramping. Consequently, a corresponding 
non-resonant current pulse portion of a current IL1 in 
winding L1 is up-ramping and stores magnetic energy in 
the inductance associated with winding L1 of trans- 
former T1. At time tt of FIGURE 2c, voltage VBQ2 of 
FIGURE 1, containing an up-ramping portion derived 
from the voltage across resistor R12, exceeds a trigger- 
ing level of regenerative switch 31 that is determined by 
voltage VEQ2 and turns on transistor Q2. Current flows 
in the base of transistor Q1 and regenerative switch 31 
applies a low impedance at the gate electrode of tran- 
sistor Tr. Consequently, gate electrode voltage VG of 
FIGURE 2a is reduced to near zero volts and turns off 
transistor Tr of FIGURE 1. When transistor Tr is turned 
off, drain voltage VD of FIGURE 2b increases and 
causes voltage V1 of FIGURE 1 that is coupled from 
winding L3 to decrease. The charge stored in gate- 
source capacitance CG maintains latch mode operation 
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until time t2 of FIGURE 2a. 

In accordance with an inventive feature, when volt- 
age VG becomes smaller than required to maintain suf- 
ficient collector current in transistor Q1 of FIGURE 1 , a 
forward conduction on the base electrode of transistor s 
Q2 ceases and, consequently, latch operation mode in 
regenerative switch 31 is disabled. Afterwards, voltage 
V1 that continues to decrease causes a negative por- 
tion 40 of voltage VG of FIGURE 2a to maintain transis- 
tor Tr of FIGURE 1 turned off. 10 

When transistor Tr is turned off, drain voltage VD 
increases as shown during interval t1-t2 of FIGURE 2b. 
Capacitor C6 of FIGURE 1 limits the rate of increase of 
voltage VD such that transistor Tr is completely noncon- 
ductive before voltage VD increases appreciably above is 
zero voltage. Thereby, switching losses and radiated 
switching noise are, advantageously, reduced. 

Resonant circuit 21 that includes capacitor C6 and 
winding L1 oscillates, during interval t1-t3 of FIGURE 
2b, when transistor Tr of FIGURE 1 is turned off. Capac- 20 
itor C6 limits the peak level of voltage VD. Therefore, 
advantageously, no snubber diode and resistor are 
needed so that efficiency is improved and switching 
noise is reduced. 

The decrease in voltage VD prior to time t3 of FIG- 25 
URE 2b, causes voltage V1 of FIGURE 1 to become a 
positive voltage. At time t3 of FIGURE 2b, voltage VD is 
close to zero volts and slightly negative, causing 
damper diode D6 of FIGURE 1 to turn on and to damp 
voltage VD of FIGURE 2b to approximately zero volts. 30 
Thus, resonant circuit 21 of FIGURE 1 exhibits a half . 
cycle of oscillation. After time t3 of FIGURE 2b, voltage 
VG of FIGURE 2a becomes increasingly more positive, 
because of the aforementioned change in polarity of 
voltage V1 of FIGURE 1. 3s 

Advantageouly, the following turn on of transistor Tr 
is delayed by a delay time that is determined by the time 
constant of resistor R8 and gate capacitance CG until 
after time t3 of FIGURE 2b when voltage VD is nearly 
zero volts. Therefore, minimal turn-on losses are 40 
incurred and switching noise is reduced. 

Negative feedback regulation of voltage VOUT is 
achieved by varying voftage VEQ2 in filter capacitor C3. 
When Voltage VSENSE that is proportional to voltage 
VOUT is larger than voltage VREF, current le dis- 45 
charges capacitor C3 and decreases voltage VEQ2. 
Therefore, the threshold level of comparator transistor 
Q2 is decreased. Consequently, the peak value of cur- 
rent ID in transistor Tr and the power delivered to the 
load circuit, not shown, are reduced. On the other hand, so 
when voltage VSENSE is smaller than voltage VREF, 
current le is zero and the current in resistor R5 
increases voltage VEQ2. Consequently, the peak value 
of current ID in transistor Tr and the power delivered to 
the load circuit, not shown, are increased. ss 

In accordance with another inventive feature, tuned 
SMPS 100 operates in a current mode control, on a cur- 
rent-pulse by current-pulse control basis. The current 
pulse of current ID during interval t0-t1 of FIGURE 2c, 



flowing in transistor Tr of FIGURE 1, terminates at time 
t1 of FIGURE 2c when it reaches the threshold level of 
transistor Q2 of FIGURE 1 that is determined by voltage 
VEQ2 and is established by error current le forming an 
error signal. The error signal actually controls the peak 
current of the current pulse of current ID that flows in the 
inductance of winding L1 . Advantageously, the control 
circuit corrects instantaneously in a feed forward man- 
ner for input voltage variations of voltage B+ without 
using the dynamic range of error amplifier 23. In this 
way, both the advantages of current mode regulation 
and of tuned SMPS are obtained. 

As indicated before, DC voltage V2 is coupled via 
resistor R6 to the base of transistor Q2 to develop the 
second portion of voltage VBQ2 across resistor R11. 
During interval t0-t1 of FIGURE 2c. voltage V2 of FIG- 
URE 1 is equal to voltage B+ multiplied by the turn ratio 
of windings L3 and L1 of transformer T1 . 

In accordance with a further inventive feature, the 
threshold level of transistor Q2 varies in accordance 
with voltage V2 and, therefore, in accordance with volt- 
age B+. Thus, the peak value of current ID also varies in 
accordance with voltage B+. Advantageously, this fea- 
ture tends to maintain a constant power delivery capa- 
bility of SMPS 100 so that excessive power cannot be 
delivered at high AC mains supply voltage, not shown. 

In accordance with an additional inventive feature, 
startup at abnormally low input voltage B+ is inhibited 
by a diode D4 having an anode that is coupled to the 
base of transistor Q1 and a cathode that is coupled to a 
junction terminal 35 of a voltage divider 36. Voltage 
divider 36 is coupled between voltage B+ and ground 
and include the series arrangement of a resistor R1, a 
Zener diode D1 and a resistor R2 such that terminal 35 
is coupled between Zener diode D1 and resistor R2. At 
low input voltage B+„ Zener diode D1 is turned off and a 
voltage V4 at terminal 35 causes diode D4 to conduct in 
a manner to turn on transistor Q1 and disable transistor 
Tr. On the other hand, at normal levels of voltage B+, 
diode D1 is conductive and diode D4 is back biased and 
has no effect on circuit operation. 

Claims 

1 . A tuned switch mode power supply apparatus, com- 
prising: 

a source of an input supply voltage (RAW B+); 
a tuned, resonant circuit including a capaci- 
tance (C6) and an inductance (L1). coupled to 
said source of said input supply voltage; 
a hrst transistor switch (Q3) coupled to said 
inductance and responsive to a periodic, switch 
control signal (V6) for generating current 
pulses in said inductance to produce resonant 
pulses (VD) in said resonant circuit that are 
coupled to a load circuit for generating an out- 
put (VOUT) of said power supply such that, 
when said first transistor switch is being turned 
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on, a substantially zero voltage is maintained 
between a pair of main current conducting ter- 
minals (COLLECTOR-EMITTER) of said first 
transistor switch; 

a source of a second signal (VEQ2) for control- s 
|ing said output of said power supply in accord- 
ance with said second signal; and 
characterized by 

a modulator (31, R12) responsive to a given 
current pulse (l L1 ) and to said second signal for w 
generating said switch control signal such that 
said power supply output is current mode con- 
trolled, in accordance with said second signal, 
on a current-pulse by current- pulse control 
basis. 7 5 

An apparatus according to Claim 1 characterized in 
that in a given switching period of said first transis- 
tor switch (Q3), said resonant pulse (VD) forms one 
half cycle of oscillation in said resonant circuit (21 ). 20 



minal (COLLECTOR) coupled to a third transistor 
(Q1) in a positive feedback manner to form there- 
with a regenerative switch (31) that is coupled to a 
control terminal (BASE) of said first transistor 
switch (Q3). 

8. An apparatus according to Claim 7 characterized in 
that said current pulse (l L1 ) varies in a ramping 
manner and produces a switching transition in said 

. regenerative switch (31) when said current pulse 
exceeds a threshold level that is determined by said 
second signal (VEQ2) to operate said regenerative 
switch in a latch mode of operation, and wherein 
said resonant pulse (VD) is coupled to said regen- 
erative switch for producing an opposite change of 
state in said regenerative switch. 

9. An apparatus according to Claim 8 characterized in 
that said resonant pulse (VD) is coupled to said 
regenerative switch to disable the latch operation. 



An apparatus according to Claim 1 further charac- 
terized by t a second switch (D6) coupled to said 
transistor switch (Q3) for applying a low impedance 
between said main current conducting terminals to 
maintain the substantially zero voltage between 
said main current conducting terminals of said first 
transistor switch when said first transistor switch is 
being turned on. 

An apparatus according to Claim 3 characterized in 
that said second switch (D6) comprises a damper 
diode that is coupled in parallel with said first tran- 
sistor switch (Q3). 

An apparatus according to Claim 1 further charac- 
terized by, a resistor (R12) coupled in series with 
said first transistor switch for generating a ramping 
voltage (VR12) that is indicative of a ramping por- 
tion of said current pulse such that said switch con- 
trol signal (V6) causes the state of said first 
transistor switch to change, during said ramping 
portion of said given current pulse, when said given 
current pulse exceeds a level that is determined by 
said second signal (VEQ2). 

An apparatus according to Claim 1 characterized in 
that a change in said second signal (VEQ2) affects 
substantially more a length of an interval between 
adjacent resonant pulses and substantially less a 
pulse width of said resonant pulse. 

An apparatus according to Claim 1 characterized in 
that said modulator (31, R12) comprises a compa- 
rator, second transistor (Q2) having a control termi- 
nal (BASE) responsive to said current pulse, a first 
main current conducting terminal (EMITTER) 
responsive to said output (VOUT) of said power 
supply and a second main current conducting ter- 



10. An apparatus according to Claim 1 characterized in 
that said source of said second signal (VEQ2) com- 
prises a comparator (Q4) responsive to said output 

25 (VOUT) of said power supply and to a signal at a 
reference level (VREF) for generating an error sig- 
nal (l e ) that is coupled to said modulator (31, R12) 
via a feedback loop filter (C3) to develop said sec- 
ond signal at an output of said filter. 

30 

1 1. An apparatus according to Claim 1 characterized in 
that a capacitance (C6) that is coupled to one of 
said main current conducting terminals (COLLEC- 
TOR) of said first transistor switch (Q3) substan- 

35 tially reduces a rate of change of said voltage 
(COLLECTO%EMITTER) between said pair of 
main current conducting terminals when said first 
transistor switch is being turned off. 

40 12. An apparatus according to Claim 1 further charac- 
terized by, a regenerative switch (31) responsive to 
said current pulse (l L1 ) and coupled to a control ter- 
minal (BASE) of said first transistor switch (Q3) 
wherein when said current pulse exceeds a thresh- 
45 old level (VEQ2) of said regenerative switch, said 
regenerative switch, operating as a latch, is trig^ 
gered, and wherein said resonant pulse (VD) is 
coupled to said regenerative switch (via R9) for dis- 
abling the latch operation in said regenerative 
so switch and is also coupled to said control terminal 
(BASE) of said first transistor switch in a manner 
that bypasses said regenerative switch (via R 1 0) for 
maintaining said first transistor switch nonconduc- 
tive following a time when the latch operation is dis- 
ss abled. 

13. An apparatus according to Claim 12 characterized 
in that said resonant pulse (VD) maintains said first 
transistor switch (Q3) nonconductive as long as a 
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magnitude of said resonant pulse is within a range 
of values, and produces a switching transition when 
said magnitude of said resonant pulse is outside 
said range of values (>RAW B+). 

5 

14. An apparatus according to Claim 1 further charac- 
terized by, a first winding (L3) of a transformer hav- 
ing a second winding (L1) that is coupled to one of 
said main current conducting terminals (COLLEC- 
TOR) of said first transistor switch (Q3) and to said 10 
source of input supply voltage (RAW B+) for trans- 
former-coupling said input supply voltage to a con- 
trol terminal (BASE) of said first transistor switch via 
said first winding in a positive feedback manner to 
produce said control signal (VG) at a first state is 
(HIGH), during a first portion of a period, wherein 
said resonant pulse is coupled to said control termi- 
nal of said first transistor switch via said first wind- 
ing in a positive feedback manner for producing 
said control signal at a second state (LOW), during 20 
a second portion of said period. 

1 5. An apparatus according to Claim 1 4 further charac- 
terized by, a regenerative switch (31) responsive to 
said current pulse (l L1 ) and coupled to a control ter- 25 
minal (BASE) of said first transistor switch (Q3) 
wherein, during said first portion of said period, 
when said current pulse exceeds a threshold level 

of said regenerative switch, said regenerative 
switch operates as a latch that is triggered in a first 30 
direction (TURNED ON) and wherein said resonant 
pulse (VD) is coupled to said regenerative switch 
for disabling the latch operation and is also coupled 
to said control terminal for maintaining said switch 
noncbnductive following a time when the latch oper- 35 
ation is disabled. 

16. A switch mode power supply apparatus, compris- 
ing: 

40 

a source of an input supply voltage (RAW B+); 
a resonant circuit (21) including a capacitance 
(C6) and an inductance (L1) coupled to said 
source of said input supply voltage; 
a first transistor switch (Q3) coupled to said 45 
inductance and responsive to a periodic, switch 
control signal (VG) for generating current 
pulses in said inductance (l L1 ) to produce reso- 
nant pulses in said resonant circuit that are 
coupled to a load circuit for generating an out- so 
put (VOUT) of said power supply; 
a second switch (D6) coupled to said transistor 
switch for maintaining a substantially zero volt- 
age between a pair of main current conducting 
terminals (COLLECTOR-EMITTER) of said 55 
first transistor switch, during a switching transi- 
tion interval, when said first transistor switch is 
being turned on; 

a source of a second signal (VEQ2) for control- 



ling a magnitude of said output of said power 
supply in accordance with said second signal; 
and characterized by 

a regenerative switch (31) responsive to a peri- 
odic, third signal (VBQ2) and to said second 
signal and coupled to a control terminal of said 
first transistor switch (BASE), said regenerative 
switch operating as a latch that is triggered 
when a first difference between said third and 
second signals occurs, said regenerative 
switch being responsive to said resonant pulse 
for disabling the latch operation when said res- 
onant pulse is generated, such that after the 
latch operation is disabled, said resonant pulse 
is coupled to said control terminal for maintain- 
ing a state (NON-CONDUCTION) of said first 
transistor switch unchanged. 

1 7. An apparatus according to Claim 1 6 further charac- 
terized by, a first winding (L3) of a transformer for 
transformer-coupling said input supply voltage to 
said control terminal (BASE) of said first transistor 
switch via said first winding to produce a change of 
state (TURN ON) in said control signal (V6) follow- 
ing a portion of said resonant pulse. 

18. A switch mode power supply apparatus, compris- 
ing: 

a source of an input supply voltage (RAW B+); 
a resonant circuit (21) including a capacitance 
(C6) and an inductance (L1) coupled to said 
source of said input supply voltage; 
a transistor switch (Q3) coupled to said induct- 
ance and responsive to a periodic, switch con- 
trol signal (VG) for generating current pulses in 
said inductance (l L1 ) to produce resonant 
pulses (VD) in said resonant circuit that are 
coupled to a load circuit for generating an out- 
put (VOUT) of said power supply; 
a damper diode (D6) coupled to said transistor 
and responsive to said resonant pulse for main- 
taining a substantially zero voltage between a 
pair of main current conducting terminals of 
said transistor switch (COLLECTOR-EMIT- 
TER), when said transistor is being turned on; 
a source of a second signal (VEQ2) for control- 
ling said output of said power supply in accord- 
ance with variations of said second signal; and 
characterized by 

a comparator, second transistor (Q2) respon- 
sive to a periodic, third signal (VBQ2) and to 
said second signal and coupled to a third tran- 
sistor (Q1) to form therewith a regenerative 
switch (31) that is coupled to a control terminal 
(BASE) of said first transistor switch to gener- 
ate said control signal, said regenerative switch 
operating as a latch that is triggered in a first 
direction when a first difference between said 
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periodic, third signal and said second signal 
occurs, said latch being responsive to said res- 
onant pulse for disabling the latch operation 
when said resonant pulse is generated. 

5 

19. An apparatus according to Claim 18 further charac- 
terized by a first winding (L3) of a transformer for 
transformer-coupling said input supply voltage 
(RAW B+) to said control terminal (BASE) of said 
transistor switch to maintain said transistor switch io 
(Q3) at a first state (CONDUCTIVE) before said 
latch is triggered and for transformer-coupling said 
resonant pulse (VD) to said control terminal to 
maintain said transistor switch at a second state 
(NON-CONDUCTIVE) after said latch is disabled. is 
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(54) Tuned switch-mode power supply with current mode control 



(57) In a tuned switch mode power supply a zero 
voltage is maintained across a transistor switch (Q3). 
during both turn off and turn on switching transition 
intervals in the transistor switch. The tuned switch mode 
power supply operates in a current-mode control, on a 
current pulse-by-current pulse control basis. A modula- 
tor (3 1 ) of the power supply includes a pair of transistors 
(Q1, Q2) that form a regenerative switch to produce a 
portion of a control signal ( VG) of the transistor switch 
that causes the transistor switch to turn off. A trans- 



former-coupled input supply voltage (V1) maintains the 
transistor switch conductive as long as the current in the 
transistor switch does not exceed the threshold level of 
a regenerative switch. A resonant pulse (VD) is trans- 
former-coupled from the resonant circuit to the regener- 
ative switch for turning off the regenerative switch and 
for maintaining th'e transistor switch non conductive 
after the regenerative switch is turned off. 
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